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Summary 
For preparation of a homogeneous sample of tomato at pre-climacterium, climac-
terium and post-climacterium stages, selection based on clour should be comple-
mented with a second selection based on ethylene concentration (or production). 
Introduction 
We started with a project about the (bio)chemical/physical characterization 
of tomatoes. In th is project a hybride between ' r i n ' and Moneymaker was 
prepared. 
One of the objectives is to characterize the keepabil i ty through the para-
meters of the enzyme a c t i v i t i e s of superoxide dismutase (SOD) and peroxidase 
(PO), and also through firmness. 
Based on the work of FreQfeel_|Dd_ê|ÇÇi|QD (1976), |Ç|QiïiaD=|Q^=Fç|Q^|l (1977) 
and Qhaly| |_| |_al (1977) oxygen i s necessary for the s ta r t in the biogenesis 
of ethylene. 
Y|gg (1975) also demonstrated that oxygen was essential for conversion of 
methionine to ethylene by apple t issue. 
Li|^erm|Q_an^=^agsoQ (1964) showed that methionine is the precursor of ethy-
lene in plants. Methionine was rapidly converted into ethylene in a model 
2+ 
system consisting of Cu and ascorbic ac id. In th is conversion methional 
(3-methylthiopropionaldehyde) appears to be an intermediate. 
L i s ! } t f i l l d _ a n O | l l | - ( 1 9 7 8 ) , produced ethylene from methional in the presence 
of hydrogen peroxide (Fig. 1). 
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FIG. 1. Inhibition of hydroxyl radical-dependent 
degradation of methional. All carbohydrate and polyol 
levels were 40 mM. Benzoate and superoxide dismutase 
levels were 5 mM and 0.2 mg/ml, respectively» 
(from L i ch t f i e ld and Wells ( loc. c i t . ) ) 
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The non-enzymatic system contained 1.0 mM H2O2 and 1.0 mM methional. 
Liçbtfiild_and_Wells,(loc. ci t .) postulate the following four reactions in 
which iron, as a contaminant of phosphate buffer, is oxidized by H2O2 and 
reduced by superoxide anion: 
H A + Fe'* - . OH - + OH- + Fe", [1] 
H A + OH — OH" + Oi - + 2H+, [2] 
Oi - + Fe'+ — Oi + Fe2*, [3] 
CH.SCH sCHaCHO + OH — 
[4] 
Hi(CH:,S)a + CHjCHi + HCOOH. 
«'ethyl enel 
The above reactions were also described with nore_details by Be|yQh.ag2_|n^ 
f£iägyisb (iy70). 
How SOD inhibited the production of ethylene was not explained by Liçhtfjeld 
â D O i l l s ( l oc . c i t . ) , probably because their scope was the scavaging of 
free radicals by galactose in respect of polymorphonuclear leucocytes and 
ethylene production was not their principal objective. 
Our explanation for the strong inhibit ion of ethylene production by SOD could 
be as follows. 
Reaction [2] is shifted to the right by depletion of O2 ^a . So the steady 
state cone, of OH- is lowered. 
Recently Mattoo=and=Lieberman (1977) demonstrated with cultivated apple cells 
that the biogenesis of ethylene starts only when apple spheroplasts grew cell 
walls. The machinery for biosynthesis of ethylene would be in the cell wall -
cell membrane complex. 
We think that SOD is in some way associated with permeability or integrity of 
membranes and as long as SOD scanvanges Ojless injury of membrane occurs. 
Our hypothesis is that an organ (tomato) that has more SOD activity will have 
more keepability. In this manner the keepability could be seen as a potential 
concept (BydQlphii_et=al). 
It is known that 'rin' tomato is a mutant that does not ripe whereas Money-
maker is a classical with climacterium. The hybride would show indirectly 
the genetical influence of both parents. Genetica! influence as it is regulated 
by genes would support the concept of potentiality as basi; idea of keepabil-
ity.. 
(a) 
This explanation holds only in vitro! because it supposes an excess of 
H2O2, necessary in reaction [2j . In vivo, H2O2 is quite small due to 
catalase and peroxidase 
In concre to , O>.T hypothesis i s t ha t SOD a c t i v i t y of r i n w i l l be higher than 
o f hybride ann SOD o f hybr ide higher than Moneymaker. 
Before prepar ing acetone powders as source o f enzymoiogical s tud ies v.e found 
t ha t i t was essen t ia l t o apply A double sole " ' i on f o r preparat ion c t: homoge-
neous samples. The f i r s t se lec t i on WÖS via colour (stages as mentioned by 
| î |Qy§E|> 1976) and af terwards by ethy lene concen t ra t i on . Ethylene concentra-
t i o n was converted to product ion by c a l c u l a t i o n , once tne samples were already 
selected on basis o f concen t ra t i on . The ethylene product ion permit tee to def ine 
the c l i m a c t e r i c s tage: p r e e l i m a c t e r i c , c l i m a c t e t i c , post c l i m a c t e r i c . 
We sha l l conf ine i n t h i s repor t to the es t imat ion of ethy lene product ion,, 
Enzymoiogical s tud ies are being made and they w i l l be informed - as wel l as 
f irmness - in a separate manuscr ipt . 
fhiaytuls arid metnodc 
' R i n ' , Moneymaker (MM) and hybr ide (F i ) were c u l t i v a t e d by d r . Hogenboom 
( IVT, Wageningen). 
Tomatoes o f Y\ and MM were picked a t the assumed stages o f unr ipe (pre-c l i rnac-
t e r i u m ) , r i pe (c l imacter ium) and over r ipe (pos t -c l imac ter ium) as judged by 
colour (Table 3 ) . ' R i n ' tomatoes were picked when green and when ye l lowish, . 
A f t e r p ick ing i n the e a r l y morning, the tomatoes were l e f t at 20 o C Af te r 
about two hours each tomato was submit ted separate ly to the es t imat ion o f 
ethylene p roduc t i on , t ha t was also ca r r i ed out a : 20°C. 
Estimati_on_of ethyjejie_groducti_on 
Each tomato was placed i n a conta iner o f 0.664 L + 0.002 L ( c o e f f i c i e n t of 
v a r i a b i l i t y 0.3%, n = 6 conta iners sampled a t random tha t could be closed 
he rmet i ca l l y (see photo o f F ig . 2)). 
A f t e r some p re l im inary experiments i t was decided tha t incubat ion o f the toma-
to i n the said conta iner would be f o r 40 minutes» This per iod o f time was 
necessary to b u i l d up a s u f f i c i e n t ethylene concent ra t ion in the atmosphere 
to be measured by gas l i q u i d chromatography.(Gorin_and_Honkogp, 1978) and 
safe enough f o r avoid ing anaerobiosis or i nduc t ion of r i pen ing by accumulation 
o f too much ethylene., 
As i l l u s t r a t i o n we provide i n Table 1 the data pe r t a i n i ng to MM, green. At 
'T'.at moment, ton"'?to?s w i th s i m i l a r concent ra t ion (pom) were selected f o r 
prepar ing a homogeneous sample. Of bourse ;:he concent ra t ion is not a def ined 
f r u i t parameter, as is the p roduc t i on , but s t i l l dependent on the f r u i t 
volume, wich var ies cons iderab ly . However concent ra t ion was taken f o r f a s t 
se lec t i on o f f r u i t s . 
Ç§l9yl§tl2Q_°f_§5!]yl?!2?_9!22dyÇ5i2Q 
p
 = Net Vol .^AC x 1.5 § w h e r e 
P = production of ethylene, 
Net Vol.•= Volume of container (0.664 L) minus vol. of tomato. 
Volume of tomato was calculated as follows: weight of tomato (g) divided 
specific gravity. The specific gravity used was 0.98 that i s an average of 
two extreme values (0.957 and 1.006) given by §t|nyer§ ( l o c . c i t . ) . 
AC is the accumulated concentration of ethylene (ppm or yL-L-1) in 40-minutes. 
Factor 1.5 is to convert value of 40 minutes into 60 minutes (one hour). 
Denominator 100 is to convert per 100 g tomato into g tomato. We refer ethy-
lene production per g tomato. 
Production (nL.h -g ) was used in order to compare data of MM with graph 
given by KQ§gt_e|=|l (1975) (see Fig. 3). 
Table 2 records - as i l l u s t r a t ion - the data of the tomatoes of Table 1 
selected for preparation of acetone powders. The same procedure was used for 
all kinds of samples mentioned in Table 3. 
The following example is given for showing as calculation of ethylene concen-
t ra t ion (tomato Nr. 1 of Table 2) was done. 
p = 0.598 L X 1 9 - 1 Q - 3 M L - L - 1 X 1 . 5 = Q m x 1 Q-3 ^ . „ - l . g - 1 o r 
100 
taking out 10"3 (nL) i t is 0.170 nL-h^-g" 1 . 
0.598 L is Net Volume that originates as follows. Vol. of container 664 ml 
minus vol. of tomato 66 mL = 598 mL of 0.598 L. 
Vol. of tomato (66 mL) was obtained by dividing weight of tomato (64.315 g) 
by specific gravity 0.98 = 66 mL. 
Results and discussion 
Table 3 records the data of several samples of tomato and the respective 
ethylene production. I t is clear that colour alone is not sufficient to 
select organs for preparation of a homogeneous sample. 
In new experiments, i t would be bet ter to reach a maximum coefficient of 
variation of + 20%. 
If we compare ethylene production of MM with the graph of £negt_§î_§l (1975) 
we deduce that we selected all r ight : pre-climacterium, climacterium and 
post-climacterium. 
We prefer to speak from now on of samples pertaining to pre-climacterium, 
climacterium and post-climacterium stages and not to use the words unripe, 
r ipe and overripe. These last three words are better used in eat ing-qual i ty 
sense. 
Unfortunately we have not a typical climacterium curve for F i , as F\ is new 
in the Netherlands and perhaps in the world. 
However, table 3 c lear ly indicates that the ethylene production o f •F j is 
lower than of MM and higher than r i n . Lower ethylene production would ind icate, 
at f i r s t s igh t , higher keepabi l i ty . However th is statement can be affirmed 
once the results of firmness have been published. In any case, the influence 
of ' r i n ' on the hybride is c lear ly seen. 
Acetone powders of a l l samples mentioned in Table 3 have been prepared in the 
same day that measurements o f ethylene concentration were done. We already 
detected SOD and PO a c t i v i t i e s . 
Table 4 records that data of tomatoes given for Hunter-colour estimations 
and firmness. Both data w i l l also be published elsewhere. 
The advantage of acetone powders is that phenolic compounds that denature 
enzymes have been removed. The disadvantage is that the natural membranes 
have been damaged. Therefore we should consider the enzyme ac t i v i t i e s deter-
mined via acetone powders as a f i r s t approach and la te r to pass to work with 
disks ( s l i ces ) , as i t i s done by Feys, Leuven. In disks the membranes and 
systems of most ce l ls of the t issue are in tac t and they approach more the 
r ea l i t y of the whole organ. 
Perspective and vecorrmendatians 
Perspective 
Scavaging of free radical (superoxide as well as other free radicals)brings 
a new l i g h t on the protective actions of substances against the s ta r t of 
ethylene production in hor t i cu l tu ra l produce. 
Recommendations 
1. The t r i a l should be repeated with a new harvest (1978), otherwise results 
obtained with only one harvest are a coincidence. 
2. An exact repet i t ion of the t r i a l , would implicate that again the several 
stages of the tomatoes are picked at the plant. However the question is 
i f i t would not be better to pick pre-cl imacteric and to l e t the samples 
reach cl imacter ic and post-cl imacteric stages during storage and not at 
the plant. 
3. For selection of tomatoes we should prepare samples with a maximum coef f i -
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cient of variability of ethylene of ± 20%. 
This request and request of point 2 make necessary to have a greater 
amount of tomatoes. 
3.1. A greater amount of tomatoes implicates agreements with IVT, to be made 
now, in order to dispose of larger amounts of plants exclusively for us. 
4. The selection of tomatoes in the new harvest would be done: 
a) by size; 
b) by weight; 
c) ethylene production. 
For ethylene production the Net Vol (container minus tomato volume) would 
be determined experimentally and not by ca lcu la t ion. 
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Addendum. During the preparation of th is Rapport i t was found in the l i te ra tu re 
that free radical scavengers i nh ib i t ethylene production in f r u i t s l ices. 
( | l ^ i £ i = ^ | i ' ^=k l i= i r@IQ' ^=9-=â0^=^l^0 1978,,: Inh ib i t ion of ethylene produc-
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Table 1. Moneymaker tomatoes picked at assumed stage of unripe (green colour) 
for selection via ethylene cone. Date of picking 25-9-1978 
number weight ethylene concentration tomato for 
of tomato (g) (ppm in 40 mins by 100 g) 'âcèïone powder firmness" 
1 
2 
3 • 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
R7 
64.315 
85.920 
73.740 
75.750 
68.610 
73.770 
78.200 
73.495 
69.365 
63.510 
71.735 
66.195 
68.690 
76.475 
76.865 
bl .035 
68.765 
60.065 
59.780 
61.710 
57.970 
59.195 
55.865 
60.330 
53.080 
56.055 
53.810 
49.950 
53.225 
53.065 
52.195 
55.815 
52.315 
50.000 
42.000 
44.195 
46.295 
41.915 
46.685 
47.790 
50.890 
47.230 
46.320 
39.2Q5 
43.335 
34.740 
38.430 
35.630 
35.140 
35.080 
34.925 
39.645 
32.085 
33.595 
32.995 
33.995 
30.505 
0.019 
0.144 
0.174 
0.040 
0.031 
0.102 
0.076 
0.054 
0.047 
0.045 
0.072 
0.036 
0.186 
0.014 
0.106 
0.078 
0.042 
0.094 
0.044 
0.062 
0.003 
0.017 
0.063 
0.046 
-
0.059 
0.076 
0.055 
0.028 
0.158 
0.035 
0.003 
0.021 
0.030 
0.010 
0.004 
0.023 
0.121 
0.021 
0.009 
0.071 
0.012 
0.051 
Q..Q32 
0.010 
0.018 
0.035 
0.024 
0.017 
0.044 
0.016 
0.000 
0.006 
0.017 
0.011 
0.000 
0.029 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Table 2. Moneymaker tomatoes from Table 1 selected (a) for preparation of 
acetone powder, and respective ethylene concentration and pro-
duction. Concentration was estimated d i rec t l y whereas production was 
calculated in a la ter period. 
tomato 
nr. 
weight 
(g) 
vo l . of 
tomato(L) 
net volume ethylene 
(0.664 L - vo l . tomato) 
(L) 
0.598 
0.594 
0.589 
0.593 
0.596 
0.594 
0.603 
0.604 
0.602 
0.613 
0.607 
0.611 
0.613 
0.617 
0.616 
0.615 
0.620 
0.629 
0.628 
0.628 
0.624 
concentration 
(ppm in 40 
min by • 100 
g tomato) 
0.019 . 
0.031 
0.054 
0.047 
0.036 
0.042 
0.044 
0.017 
0.046 
0.055 
0.003 
0.021 
0.030 
0.023 
0.021 
0.009 
0.010 
0.018 
0.024 
0.017 
0.000 
production 
n L - h ^ . g " 1 
1 
5 
8 
9 
12 
17 
19 
22 
24 
28 
32 
33 
34 
37 
39 
40 
45 
46 
48 
49 
52 
64.315 
68.610 
73.495 
69.365 
66.195 
68.765 
59.780 
59.195 
60.330 
49.950 
55.815 
52.315 
50.000 
46.295 
46.685 
47.790 
43.335 
34.740 
35.630 
35.140 
39.645 
0.066 
0.070 
0.075 
0.071 
0.068 
0.070 
0.061 
0.060 
0.062 
0.051 
0.057 
0.053 
0.051 
0.047 
0.048 
0.049 
0.044 
0.035 
0.036 
0.036 
0.040 
0.170 
0.276 
0.477 
0.418 
0.322 
0.374 
0.398 
0.154 
0.415 
0.506 
0.027 
0.192 
0.276 
0.213 
0.194 
0.083 
0.093 
0.170 
0.226 
0.160 
0 
Vol. of tomato = weight divided by specific gravity (0.98). Results in ml were 
converted to L. 
(a)This selection, based on ethylene concentration (ppm produced by 100 g tomato 
in 40 minutes) was between 0 and 0.055. 
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Fig. 2. Photo of the flask Triomphe (Verre special, France) where one tomato 
was incubated for 40 minus at 20°C. A hole of 5 mm diameter covered 
with a septum allowed that an injection was introduced for removing 
head space sample (2.5 or 1.0 ml) for GLC. 
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F i g . 3 — Ethylene production during the second half of 
the development of tomato fruit, determined as the evolution 
from an enclosed fruit or by extraction, either in vacuo or 
with a syringe. Single determinations per fruit. ( K Q e C j ^ g t ^ a l . . 1 9 7 5 ) 
